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Abstract: Despite the fact that recent medical advances have improved the quality of life and increased the life expectancy of 
patients suffering from thalassaemia, no standard strategy or clinical guidelines are available for the correction of the presenting 
craniofacial anomalies. The aim of the present study is to review the craniofacial features of affected patients, and to discuss the 
orthodontic and orthognathic surgical treatment options available to manage the associated and characteristic facial deformity. 
(Aust Orthod J 2015; 31: 98–106)
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Introduction
Thalassaemia is a group of single gene, autosomal 
recessive blood disorders characterised by chronic 
anaemia as a result of a deficiency or absence of an 
alpha or beta polypeptide chain in the haemoglobin 
molecule.1 Beta-thalassaemia is the most common 
form of the disease and is found worldwide. It is most 
prevalent in Mediterranean countries, North Africa, 
far Eastern and Middle Eastern countries, as well as 
Iran and India.2 The nature of the gene mutation 
determines the type and severity of the disease, which 
ranges from thalassaemia minor, to intermediate and 
major.3,4 Severe clinical symptoms of beta-thalassaemia 
major usually become apparent at six months of 
age, when haemoglobin synthesis shifts from foetal 
(HbF) to adult haemoglobin (HbA).5 If patients 
survive their early years, the deposition of iron, the 
associated hypoxia and prolonged anaemia can lead 
to cardiac failure and death during the second decade 
of life.6 Patients who survive beyond childhood suffer 
from facial skeletal deformities as a consequence of 
extramedullary haematopoiesis.7
The life expectancy of affected patients has been 
dramatically increased by the advent of new 
haematologic treatment approaches.6 In addition, 
patients are eager to enhance their quality of life by 
seeking improvement of their facial appearance. 
Although many treatment options are available to 
improve the craniofacial anomalies associated with 
thalassaemia, there is still no standard strategy or 
guideline for planning surgical correction. The aim 
of the present study is to review the craniofacial 
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features of thalassaemic patients and to discuss related 
treatment possibilities.
Health related quality of life in 
thalassaemia major
Thalassaemia, as a severe chronic disorder, is associated 
with an impaired quality of life and a variety of 
psychosocial problems. As the life expectancy of 
patients has increased in recent years, health-related 
quality of life (HRQOL) issues have progressively 
become a focus of attention.8-12 Thalassaemic patients 
are more likely to suffer from depression and anxiety, 
a negative self-image, somatising, poor handling of 
aggression, lower social and school performance and 
an overall lower HRQOL.10 The impaired HRQOL 
of thalassaemic patients may relate to the disease itself 
or to the essential and lifelong transfusion therapy.9 
General weakness, exhaustion and diminished 
mental awareness are the likely causes of the reduced 
HRQOL.10 The maintenance of a pre-transfusion 
Hb level of more than 9 g/dl is suggested as the key 
factor in maintaining a normal HRQOL.10,11 Given 
the significant morbidity associated with the disease, 
social and psychological support should be integral 
components of thalassaemia treatment.12
Dentofacial features of thalassaemia major
The craniofacial manifestations of thalassaemia are 
thought to resemble a ‘chipmunk’ or 'rodent face' as 
a result of a protrusive maxilla, retruded mandible 
and pronounced cheek bones.13,14 The prevalence of 
this craniofacial deformity is reported to be between 
34.8% and 41%, with an almost equal gender 
distribution.4,15 However, two studies have reported 
that the deformity is more common in males than 
females.7,16 There are additional papers regarding the 
dentofacial features of thalassaemia major, which are 
summarised in Table I.
The craniofacial structures of thalassaemic patients 
usually appear under-developed.17 Therefore, standard 
linear measurements are reduced and normal linear 
measures may be interpreted as regional over-growth. 
A graded system has been developed to describe the 
facial deformity based on the severity of involve-
ment. This ranges from grade 0 (cases with no facial 
deformity) to grade 3 (cases displaying prominent 
overgrowth of the maxilla, frontal bone and cheek-
bones, a distinct depression of the nose and protrusion 
of the anterior teeth (Figure 1).4,15 A milder level of 
facial deformity characterised by a sunken nasal bridge, 
prominence of the frontal and parietal bones and up-
ward inclination of the eyes has been described as a 
‘mongoloid face’.4 However, an additional study has 
reported these features as racial characteristics of Asian 
patients and not necessarily relevant to thalassaemia.17
Cephalometric radiography of thalassaemic patients 
usually presents a generalised granular appearance of 
the skull caused by expansion of the diploic space, 
particularly in the frontal bone (Figure 2). Also 
Figure 1. A 20-year-old girl with the typical facial characteristics of thalassaemia major 
(grade 3). Note the severe gingival display at rest.
Figure 2. Lateral cephalometric radiograph of the 
same patient. Note bone marrow expansion of 
the hard palate and alveolar bone.
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reported is a ‘hair on end’ or ‘bristle like’ effect of the 
skull.18,19 The trabeculae of the jaws are large, coarse 
and known as ‘chicken wire’.4 Estimated to be 15–
30 times more than normal subjects, bone marrow 
expansion restrains pneumatisation of the para-nasal 
sinuses and results in overall maxillary expansion.20
Although ‘saddle nose’ (the depression of the bridge of 
the nose) is usually described as a facial characteristic 
of thalassaemic patients, nasion point is not depressed 
and the sella-nasion distance of patients appears to 
be comparable with normal subjects (Table I, S-N).4 
The nose bridge saddle shape is emphasised by the 
prominence of the frontal bone (frontal bossing) and 
also by the overgrowth of the maxillary bone, which 
projects the tip of the nose upward and forward. 
However, it has been suggested that nasion is not a 
reliable reference point in the cephalometric analysis 
of thalassaemic patients due to its spatial variations.4,7
Typical thalassaemic patients exhibit a Class II skeletal 
jaw base relationship with a marked vertical growth 
pattern and an accompanying increased mandibular 
plane angle (Table I).4,7,13,21 Although upper anterior 
facial height (UAFH) appears to be normal, lower 
anterior facial height (LAFH) shows a significant 
increase (Table I, LAFH). Posterior facial height 
(PFH) is decreased, likely due to a lack of normal 
condylar growth secondary to chronic anaemia 
(Table I). Thalassaemic patients demonstrate a high 
inter-maxillary discrepancy (A-B difference, ANB 
angle) which seems to increase with age.4 However, 
the exact nature of the maxillary prognathism is still 
controversial. Previous studies have suggested that 
maxillary length and position are normal and the 
prognathism is an illusion primarily caused by the 
short mandibular length,4,21 short cranial base4 and 
backward growth rotation of the mandible.21 However, 
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Abu Alhajia et al., 
2002 **
 
(1) ↑ ↑ ↓ ↓ ↑ ↓ ↓ ↓ ↓ ↓ ↓ ↓
(2) ↑ ↑ ↓ ↓ ↑ ↓ ↓ ↑ ↓ ↓ ↓ ↓  
(3) ↑ ↑ ↓ ↓ ↑ ↑  ↓ ↓  ↓ ↓ ↓  ↓  
Amini et al.,  
2007
↑ ↑ ↑ ↓ ↓ ↑ ↑ ↓  ↓  ↓  ↓ ↑ ↑ ↓ ↑ ↑ ↑ ↑ ↑ ↓ ↑ ↑
Toman et al.,  
2011
↑ ↑ ↑ ↓ ↓ ↓  ↓  ↓ ↓  ↓ ↑ ↑ ↓ ↓  ↑ ↓ ↓ ↑ ↑ 
Table I.  Review of results of studies relating to cephalometric characteristics of thalassaemic patients.
Cephalometric parameters: ANB, the angle between A, nasion, and B points; MxP/MnP, the angle between maxillary plane and mandibular plane; SN/MnP, the 
angle between anterior cranial base and the mandibular plane; SN/MxP, the angle between anterior cranial base and the maxillary plane; PFH, posterior facial 
height; AFH, anterior facial height; LAFH, lower anterior facial height; S-N, anterior cranial base length; S-Ar, posterior cranial base length; NSAr, saddle angle, the 
angle between nasion, sella and articulare points; Mn leng, length of mandibular body (Go-Gn) or total mandibular length (Ar-Gn); ArGoMe, gonial angle; ANS-
PNS, length of maxillary base; U1 incl, the inclination of upper incisor related to S-N or maxillary plane; IMPA, the angle between lower incisor and mandibular 
plane; U1 ┴ Mx, perpendicular distance of upper incisor to maxillary plane; L1 ┴  Mn, perpendicular distance of lower incisor to mandibular plane; UM ┴ Mx, 
perpendicular distance of first upper molar to maxillary plane; LM ┴ Mn, perpendicular distance of first lower molar to mandibular plane; NLA, nasolabial angle; U 
lip, upper lip protrusion; L lip, lower lip protrusion.  
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should be interpreted as an overgrowth,21 given the 
growth retardation that affects thalassaemic patients.
A vertical rotation of the mandible has been ascribed 
to a variety of factors, including a weakness of the 
masticatory muscles,15 deficient growth of the ramus 
and condyle, mouth breathing and an increased 
articular angle.13 Despite typical, non-thalassaemic, 
long-faced subjects, the maxillary plane angle (SN/
Maxillary plane) is not greatly affected in thalassaemia 
(Table I, SN/MxP). Furthermore, the maxillary and 
mandibular molars appear over-erupted as indicated 
by an increased perpendicular distance from the 
mesio-buccal cusps of the first molar to the palatal 
or mandibular planes (Table I, UM┴Mx and LM 
┴Mn). The reported prevalence of an open bite ranges 
from 21.6%4 to 30%,22 and is usually associated with 
significant over-eruption of upper and lower incisors 
(increased perpendicular distance between the incisal 
edge and the palatal or mandibular plane, Table I, 
U1┴Mx and L1┴Mn) in order to compensate for the 
underlying skeletal vertical dysplasia (increased SN/
MnP angle, Table I). 
Although several studies have reported protrusion, 
spacing and flaring of maxillary anterior teeth,19,22 a 
cephalometric analysis shows that the upper incisors 
in thalassaemic patients have a tendency to be upright 
or even retroclined (Table I, U1 inclination angle). 
This tendency is believed to be a dental compensation 
in response to the maxillary protrusion.4 Lower 
incisor inclination (IMPA) is reported to be within 
the accepted range,4,17 but this is interpreted as 
proclination relative to the high maxillary/mandibular 
angle. The appearance of proclined lower incisors 
compensates for the increased overjet.4
The root length18 and tooth crown size23 of thalassaemic 
patients are smaller compared with normal subjects as a 
result of endocrinopathy or somatomedin deficiency.23 
A small crown size in association with an overgrowth 
of the alveolar process results in spaced dental arches. 
Other dental anomalies such as taurodontism and 
slender roots, in addition to a mean delay of one 
year in dental development, are prevalent in patients 
affected by thalassaemia major.23 
A soft tissue analysis often indicates protruded upper 
and lower lips with an acute nasolabial angle (Table 
I). Protrusion of the lower lip could be ascribed to 
the anteriorly positioned lower incisors and to the 
backward rotation of the mandible. Toman et al. 
suggested that a depressed nose and increased thickness 
of the upper lip contribute to an acute nasolabial 
angle.7 Additionally, as a result of a large inter-labial 
gap and over-eruption of the anterior teeth, the upper 
lip loses contact with the upper incisors. Maxillary 
alveolar expansion locates the base of the nose and 
the upper lip in a forward and downward direction 
respectively, and makes the tip of the nose appear 
elevated, the upper lip protruded, and the nostrils 
more obvious from the frontal view.
Thalassaemic patients have been reported to 
demonstrate pale oral mucosa and periodontal 
problems.24 A higher rate of gingivitis and increased 
amounts of plaque, especially in the anterior 
segments, could be related to severe lip incompetency, 
dehydration of gingival tissue and impaired self-
cleaning mechanisms.24
Haematologic treatment and its influence 
on facial deformity
The transplantation of haematopoietic stem cells is the 
only current effective management for thalassaemia 
sufferers.26 However, a successful transfusion requires 
an HLA-identical donor (human leukocyte antigen) 
who is not always available. Severe thalassaemic 
patients require regular blood transfusions from early 
in life.27 It has been suggested that keeping the pre-
transfusion haemoglobin level at 10 g/dl could be 
helpful in improving facial deformity during a growth 
period.28-30 Early and regular blood transfusion has 
been reported to have a distinct advantage over late 
and occasional transfusion with regard to the severity 
of facial deformity.27 Although early splenectomy has 
been helpful in reducing the risk of facial deformity, 
it is no longer advised because of an increasing risk of 
health complications.31 Several studies have reported 
that the facial deformities are positively correlated 
with the patient’s age, and the duration and severity of 
the presenting symptoms.4,15 
Limited access to iron-chelating therapy in some 
countries has put patients at risk of iron overloading. 
In this circumstance, patients receive a suboptimal 
transfusion regimen (late onset of blood transfusion 
and low haematocrit regimen) to prevent the 
overloading. However, this transfusion regimen 
increases a patient’s susceptibility to anaemic-related 
complications.7 The major complications related to 
thalassaemia and the hematologic treatments are 
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Increased gastrointestinal iron absorption
Chronic hypoxia
Regular blood transfusion to maintain Hb level
Splenectomy
Suseptible to infectious disease
Thrombophilia
Consider antibiotic prophylaxis in patients with splenectomy
Laboratory tests of coagulation
Bone marrow hyperplasia
Thin cortical plate (spontaneous fractures)
Radiographically undetectable borders of inferior  
alveolar canal
Extensive bleeding during bone surgery
Nasal obstruction
Middle ear involvement (dysfunction, recurrent infection)
Para-nasal sinuses involvement (non-pneumatised, recurrent 
infection)
Vertebral column involvement (squeezing spinal cord, 
neurologic symptoms) 
Complicated nasotracheal intubation, consider tracheostomy or 
submental intubation




Infectious disease (HCV, HIV, etc.)
Immunologic hemolytic reactions
Accurate infection control in dental office and hospital
Iron overloading
Heart disease (cardiac failure)
Liver disease (cirrhosis, failure)




More intensive chelation therapy, young RBC transfusion, 
splenectomy
Regular measurement of serum ferritin and iron storage indices
Hepatic iron content (gold standard)
Regular evaluation of endocrine system
Regular cardiac and liver assessment
Increase risk of massive infection after splenectomy
Iron chelating therapy complications
High-frequency sensorineural hearing loss
Ocular toxicity (vision/retinal complications)
Allergy
Regular audiometric and ophthalmologic test
Consider reduction of the dose
Table II.  Complications and considerations in beta-thalassaemic patients.
Treatment of dentofacial deformities
In 1965, Adelman reported the successful orthodontic 
treatment of a 7-year-old thalassaemic patient using 
cervical headgear as external anchorage to retract 
prominent upper anterior teeth.32 Although it was 
determined that orthodontic tooth movement is 
possible in thalassaemic patients, a skeletal deformity 
remained uncorrected by orthodontics alone. 
If extramedullary haematopoiesis is the main reason 
for facial deformity, hyper-transfusion and precise 
haematologic monitoring are the best treatment 
options to improve facial aesthetics during a growth 
period.28 The correction of gross facial deformities, 
however, may require surgical intervention during 
adolescence. 
An anterior segmental osteotomy was the first 
reported cosmetic surgical procedure performed on 
thalassaemic patients.33 The horizontal osteotomy 
cut was usually started in the premolar region and 
extended above the apices of the anterior teeth. 
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First premolar extraction is often required to allow 
upward and backward repositioning of the anterior 
segment of the maxilla, while preserving the nasal 
pyriform aperture and ANS (Table III).33,34 Although 
this approach is highly effective in reducing excessive 
gingival display and dentoalveolar protrusion, it 
fails to rectify increased lower anterior facial height 
(LAFH) and the backward growth rotation of the 
mandible. Furthermore, backward movement of the 
anterior maxillary segment with preservation of ANS 
leads to a significant reduction in the nasolabial angle, 
which is not always aesthetically acceptable.33,34
The advent of the Le Fort I osteotomy and down 
fracture technique in the 1970s provided the means 
to reposition the entire maxilla vertically and 
horizontally.19 It helped the mandible to achieve a 
more acceptable position involving forward rotation, 
which reduced LAFH. However, the first reported 
Le Fort I osteotomy on a thalassaemic patient was 
not entirely successful as a result of insufficient bone 
removal in the posterior segment due to the fear of 
excessive blood loss. This led to the development of a 
post-surgical anterior open bite.19 In 1997, Drew et al. 
reported a noticeable amount of superior and posterior 
repositioning of the maxilla35 in a series of successful 
Le Fort I osteotomies in thalassaemic patients. An 
increased distance between the nasal floor and the 
apices of the maxillary teeth made it possible to remove 
enough bone to impact the maxillary teeth without 
impinging on the nasal floor. However, this approach 
is not always recommended because the nasal pyriform 
aperture and ANS frequently need to be repositioned 
superiorly and posteriorly to correct the upward flare 
of the nostrils and the saddle nose deformity. 
Recontouring of the hypertrophic maxilla or zygo-
matic bone is an adjunctive procedure which helps 
achieve normal bone anatomy. This procedure and 
recontouring of the bulbous alveolar processes can 
provoke extensive bleeding due to a pre-existing 
abnormal coagulopathy profile and the exposure of 
hypertrophic bone marrow during surgery.19,33-35
Although the lower jaw is not affected as much as 
the maxilla, the body of the mandible in thalassaemic 
patients is reported to be vertically broader compared 
with unaffected subjects, which contributes to 
an increased LAFH (Table I).33 In addition, an 
increased gonial angle and backward rotation of 
the mandible contributes to the retrusion of the 
Headgear therapy Anterior segmental osteotomy Lefort 1 osteotomy
Recontouring of the 
bone Genioplasty
Bilateral sagittal split 
osteotomy
Adelman, 1965
One case, using 
cervical headgear 
as an anchorage 
to retract upper 
anterior teeth in a 
7-year-old boy.
Jurkiewicz et al., 
1969 
Two cases, upward 
and backward 
repositioning of 
the segment with 
ANS preservation, 
extraction of upper 
first premolars in 
one case.
Mortazavi et al., 
2007 
Two cases, 8 
mm upward 
and backward 
repositioning of the 
anterior segment 
with extraction 
of upper first 
premolars and ANS 
preservation.
Weel et al., 1987
One case, upward  
and backward 




Drew et al., 1997
Three cases, 9 
mm upward and 
6 mm backward 
repositioning of the 
entire maxilla.
Tehranchi et al., 
2013
One case, 12 
mm superior and 
8 mm posterior 
repositioning of the 
maxilla with ANS 
preservation.
Jurkiewicz et al., 
1969
Two cases, anterior 
and lateral shaving 
of the maxilla.
Weel et al., 1987
One case, 
shaving of the 
maxillary bone and 
enlargement of 
nasal cavity.
Drew et al., 1997
One case, lateral 
recontouring of the 
maxilla.




the maxilla, in one 
case associated 
with extraction of 
maxillary teeth.














Tehranchi et al., 
2013
One case, 8 mm 
sliding advancement 
genioplasty.





Table III.  Review of case reports related to management of facial deformity of thalassaemic patients.
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chin (Table I).36-38 Chin advancement with a sliding 
genioplasty helps to reduce LAFH and increases chin 
projection, which is more advantageous than using 
hydroxyapatite or autogenous chin augmentation. 
However, following maxillary impaction, a significant 
amount of autorotation repositions the mandible 
more favourably. A bilateral sagittal split osteotomy 
(BSSO) may not be indicated unless there is a severe 
skeletal dysplasia which needs mandibular surgical 
correction.37 A review of all case reports related to the 
management of facial deformity of thalassaemia major 
can be found in Table III.
Case report
A 22-year-old girl was referred to Shahid Beheshti 
Dental School for treatment of her extensive facial 
deformity caused by thalassaemia major (Figure 1). 
She had received her first blood transfusion when she 
was six months old, and due to her allergic reaction 
to packed red blood cells (RBCs), more recently 
had been receiving washed RBCs every 15 days to 
keep her haemoglobin level at 10 g/dl. Her family 
history revealed that her nephew also suffered from 
thalassaemia major, but other first degree relatives 
were only carriers of the thalassaemia gene. 
On clinical examination, the patient was pale and 
demonstrated the typical features of thalassaemia 
major, including extreme maxillary overgrowth in 
all planes, a backward rotation of the mandible, and 
severely everted and incompetent lips which prevented 
her from bringing her lips together. There was 10 mm 
of gingival display at rest and 15 mm on smiling, a 
depressed nasal bridge and prominent cheek bones.
An oral examination revealed a full unit Class II 
dental malocclusion, an increased overjet of 9 mm 
and an overbite of 8 mm. The maxillary dentition 
was severely spaced and irregular, with inflammation 
and recession of gingival tissue in the upper anterior 
segment. A psychosocial assessment revealed social 
difficulties that were overcome by wearing a surgical 
mask in public to hide the maxillary protrusion. A 
radiographic evaluation showed a lack of normal 
bone density. The jaws had thin cortical plates and 
Figure 3. The same thalassaemic patient one year after the surgery. Figure 4. Lateral cephalometric view at the 
completion of treatment.
Figure 5. Pretreatment cephalometric tracing (solid lines), post-treatment 
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expansion of the diploic spaces, a broad body of the 
mandible, small maxillary sinuses but a relatively large 
frontal sinus. 
A cephalometric analysis indicated a normal 
inclination of the lower incisors (IMPA = 92°), a 
decreased upper incisor inclination (U1-SN = 99°) 
and an increased mandibular plane angle (MP-SN = 
47°), as well as a high A-B difference (a Wits appraisal 
was 6 mm, ANB angle was 8°) indicating a severe class 
II skeletal jaw base relationship. 
After a haematologic evaluation, the patient was 
considered capable of tolerating anaesthesia and 
an orthognathic surgical procedure. Based on a 
cephalometric and facial aesthetic appraisal, it was 
decided to reposition the maxilla superiorly and 
posteriorly after orthodontic preparation. 
Results
The pre-surgical, non-extraction orthodontic treat-
ment took 18 months and achieved well-aligned teeth 
and ideal arch coordination. After the insertion of full 
rectangular surgical wires in both arches, a Le Fort I 
osteotomy was performed, which resulted in a 12 mm 
maxillary impaction with a concomitant 8 mm setback 
(Figures 4 and 5). A genioplasty was also performed 
to advance the chin 8 mm and reduce LAFH by 4 
mm. The patient’s haemaglobin level was 10.9 g/dl 
before the surgery but post-operatively reduced to 5.2 
g/dl, which required the administration of one unit of 
washed RBCs to manage the severe hypotension. The 
occlusion and facial aesthetics dramatically improved 
after the surgery and the patient demonstrated 
competent lips at rest (Figure 3). Wearing a surgical 
mask in public was no longer required and the patient 
resumed her education, which indicated the significant 
influence that treatment had on her quality of life.
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